The sequence and developmental expression have been determined for amphioxus AmphiDRAL, which encodes a homolog of vertebrate DRAL (down-regulated in rhabdomyosarcoma LIM-protein). This is the first clear example of a DRAL homolog in an invertebrate. Detectable developmental expression begins at the gastrula stage in the epidermis, but not in the neuroectoderm; thus the early stages of AmphiDRAL expression indicate the neural/non-neural boundary. During subsequent embryonic stages, expression continues in the epidermis (but not in the developing central nervous system) until it fades during the later larval stages.
Proteins in the LIM superfamily, which are characterized by paired zinc finger LIM domains, appear to have important functions in development and differentiation, evidently by participating in protein-protein interactions (Arber and Caroni, 1996) . Four families of LIM proteins are distinguished according to the presence of (1) homeodomains, (2) LIM domains only, (3) LIM domains at the C-terminal end or (4) a diverse range of functional domains (Dawid et al., 1995 (Dawid et al., , 1998 Morgan and Madgwick, 1996) .
In the recently-discovered DRAL subfamily of LIM-only proteins there are four LIM domains and a truncated Nterminal LIM domain; in addition, there is invariably a spacer of eight amino acids between adjacent LIM domains. DRAL is an acronym for 'down-regulated in rhabdomyosarcoma LIM protein', which is involved in the transformation of vertebrate myoblasts to rhabdomyosarcoma tumor cells (Genini et al., 1997) . In addition, expression of the human DRAL gene can be detected by Northern blot analysis in a variety of differentiated adult tissues, especially heart muscle (Genini et al., 1997) . DRAL genes have been suggested to exist in vertebrates only (Genini et al., 1997) , although a probable Caenorhabditis homolog of DRAL has recently been submitted to GenBank (accession number Z81068). The present paper demonstrates DRAL expression during development of the invertebrate chordate amphioxus (Branchiostoma floridae).
The amphioxus AmphiDRAL cDNA obtained (GenBank accession number AF0171773) is 2592 bp long and its longest open reading frame codes for 291 amino acids. The 5′ UTR is 111 bp long with one in-frame stop codon, and the 3′ UTR is 1608 bp long with a polyadenylation signal at the extreme 3′ end. Fig. 1 compares the deduced amino acid sequences of the AmphiDRAL and human DRAL proteins (which share 52% amino acid identities) and identifies the four full-length LIM domains and the N-terminal partial LIM domain; the zinc-binding cysteines and hystidines are also indicated.
Expression of AmphiDRAL during development is restricted to the epidermis ( Fig. 2A-J) . Expression is first detected at the stage of the cup-shaped gastrula ( Fig. 2A,B) throughout most of the epiblast except on its dorsal side. From the classical work on amphioxus embryogenesis, the dorsal side of the amphioxus gastrula is recognizable by its more sharply inward-curved shape (compare Fig. 2B of the present work with Figs. 134 and 135 of Conklin, 1932) . From fate maps of amphioxus embryos, Tung et al. (1962) found that the dorsal epiblast of the gastrula was destined to become the neural plate and subsequently the central nervous system, whereas the remaining epiblast became epidermis. AmphiDRAL expression thus corresponds to the neural/non-neural boundary during gastrulation. It will be interesting to see whether vertebrate DRAL expression, which has yet to be studied during early embryology, is a comparable discriminator between epidermis and neuroectoderm.
At the early neurula stage, transcripts are likewise found throughout the epidermis, but not in the neural plate ( Fig.  2C-E) . In 30-h embryos, AmphiDRAL is still expressed widely in the epidermis, except in localized regions near where the mouth and most anterior gill slits will later open ( Fig. 2F-I ). In the early larval stages, epidermal expression diminishes except at the extreme anterior and posterior ends of the body (Fig. 2J) . In later larvae, no further expression is detectable.
The methods for library screening and in situ hybridization were as described by Holland et al. (1996) . The Amphi-DRAL cDNA described here was fortuitously isolated when we screened a mixed cDNA library made from 8-to 18-h Branchiostoma floridae embryos (provided by J. Langeland) with a probe corresponding to the cysteine-rich 3′ coding region of the amphioxus AmphiWnt7a gene. The in situ hybridization was performed with an antisense riboprobe to the full-length AmphiDRAL cDNA.
